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ABSTRACT 


Horaal  concentrations  of  electron  density  in  the  earth’s  iono¬ 
sphere  and  changes  in  these  concentrations  associated  with  various 
disturbances!  both  natural  and  manmade,  have  been  investigated  by 
a  series  of  eight  rocket  and  satellite  payloads.  Instruments  for 
measuring  fine  scale,  long-term  deviations  and  short  terra,  larger 
scale  deviations  in  electron  density  and  other  related  parameters 
have  been  Included  in  each  payload.  This  report  details  instru¬ 
mentation  and  presents  brief  results  of  the  experiments  developed 
by  Upper  Air  Research  Laboratory,  University  of  Utah  for  each  of 
the  following  programs: 


Aerobee  150  (3.614) 
Four  Nike-Hydacs 
OV2-3  Satellite 


D-region,  gyro-interaction 

Solar  eclipse  (12  November  1966) 

Electron  density  at  synchron¬ 
ous  crbit  altitude 


0V3-2  Satellite  -  F-region  electron  density 

(polar  orbit) 

Javelin  (19.191)  -  F-region  irregularities  - 

pulse-phase  delay  experiment 
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INTRODUCTION 


During  the  period  of  this  report,  a  total  of  eight  vehicles  includ¬ 
ing  six  rockets  and  two  orbiting  satellites,  having  payloads  containing 
experiments  designed  by  Upper  Air  Research  Laboratory,  University  of 
Utah,  under  contract  No.  AF  19 (628) -5044,  were  launched  from  geographi¬ 
cally  diverse  sites.  The  sites  included  Cassino,  Brazil:  Eglin  Gulf 
Test  Range,  Florida;  Wallops  Island,  Virginia;  and  Vandenberg  Air  Force 
Base,  California.  The  operational  altitudes  for  the  various  experiments 
ranged  from  35,000  km  (synchronous  orbiting  satellite)  to  the  lower  D- 
region  of  the  ionosphere.  Although  multiple  phenomena  were  investi¬ 
gated,  all  experiments  were  designed  to  obtain  measurements  of  elec¬ 
tron  density  and  related  parameters  in  various  areas  of,  and  under 
different  situations  in,  the  ionosphere. 

Inasmuch  as  the  experiments,  vehicles,  and  locations  of  firings 
were  of  such  a  diversified  nature,  a  separate  section  of  this  report 
is  devoted  to  information  pertinent  to  each  instrumented  vehicle. 

Four  scientific  reports  pertaining  to  several  experiments  developed 
under  this  contract  were  published  during  the  contract  period  [Linford 
and  Baker,  1966;  Seljaas  and  Burt,  1967;  Westlund  and  Littlefield, 

1967;  Alley  et  al.,  1967].  These  scientific  reports  thoroughly  cover 
the  instrumentation  and  application  of  these  experiments.  Where  fea¬ 
sible,  this  report  references  the  applicable  scientific  report  and 
coverage  is  confined  to  a  brief  summary.  The  experiments  not  covered 
by  scientific  reports  are  thoroughly  discussed  in  this  report. 


Table  1  provides  a  coaplete  suaary  of  the  rockets,  satellites,  launch 
locations,  launch  dates,  and  experiments  contained  in  each  payload 
which  were  provided  by  the  Upper  Air  Research  Laboratory, 


TABLE  1.  Summary  of  Rocket  Launchings  and  Experiments 


Vehicle  and 
Designation 

Experiment  and  Instruments 
University  of  Utah 

Launch 

Site 

Launch  Date 
Launch  Time 

Aerobee  150 
3.614 

S-regrion3  gyro  interaction 

Gyro  seating  transmitter 

Sensing  wave  receiver 

Difference  freauency  receiver 
Standing  wave  impedance  probe 
Radiometer 

Relative  radiated  power  monitor 
D-region  propagation  experiment 
Electron  temperature  probe 

Eglin,  Fla. 

26  Aug  1965 

1303  (local) 

OV2-3 
Satellite 
Titan  III 

Electron  density  at  synchron¬ 
ous  orbit  altitude 

Standing  wave  impedance  probe 

Cape  Ken¬ 
nedy,  Fla. 

21  Dec  1965 

Javelin 

19.191 

E-region  irregularities 

Downward  pulse-phase  exp. 
Electron  temperature  probe 

Wallops , 
Island,  Va. 

28  June  1966 
1223  (local) 

Kike-Eydac 

Certification 

Round 

Solar  eclipse 

Standing  wave  impedance  probe 

Cassino, 

Brazil 

5  Nov  1966 
1155:21  (local) 

Nike-Hyaac 

D-4 

Solar  eclipse 

Langmuir  probe 

Standing  wave  impedance  probe 

Cassino, 

Erazil 

12  Nov  1956 
1155:19  (local; 

Nike-Eydac 

D-ll 

Solar  eclipse 

Langmuir  probe 

Standing  wave  impedance  probe 

Cassino, 

Erazil 

12  Nov  1966 
1208:37  (local) 

Nike-Eydac 

D-13 

Solar  eclipse 

Langmuir  probe 

Standing  vave  impedance  probe 

Cassino, 

Erazil 

12  Nov  1966 
1222:30  (local) 

0V3-2 

Satellite 

F-region 

Standing  wave  impedance  probe 

Vandenberg 
AFB,  Calif. 

28  Nov  1966 
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AEROBEE  3.614 

The  strong  interaction  between  radio  waves  and  the  ionosphere 
when  excited  in  the  vicinity  of  electron  gyrofreauency  has  been  de¬ 
noted  as  gyro-interaction  [Bailey,  1937a, b,  1938].  At  this  angular 
frequency  given  by  =  B  a/m,  e/m  is  the  electronic  charge-to-raass 
ratio,  B  is  the  terrestrial  magnetic  field  ,  the  electrons  spiral 
outward,  reaching  high  velocities  and  huge  displacements .  If  the 
radio  wave  is  of  sufficient  strength,  the  resulting  increased  energy 
and  collisions  will  cause  noticeable  heating  and  increased  electron 
density  by  detachment  from  negative  ions  and  by  ionization  of  neutral 
molecules.  These  induced  disturbances  provide  a  techniaue  for  in¬ 
vestigation  of  the  D-region  of  the  ionosphere  where  the  relatively  high, 
ambient,  neutral  particle  density  results  in  sufficient  collisions  to 
produce  appreciable  effects.  In  particular,  the  increased  electron 
density  and  eollisional  frequency  and  their  rate  of  decay  to  ambient 
provide  valuable  information  on  the  rate  coefficients  for  electron 
loss  processes.  An  Aerobee  rocket  (3.614)  was  instrumented  by  Upper 
Air  Research  Laboratory  to  produce  such  a  disturbance  and  provide  a 
means  of  measuring  the  associated  parameters.  Table  1  lists  the 
experiments  contained  in  this  rocket  payload  and  some  particulars 
pertaining  to  the  vehicle  launching.  A  complete  documentation  of 
experimental  objectives,  instrumentation  and  flight  results  appear 
in  previous  scientific  reports  [Alley  et  al.,  1967;  Mestlund  and 
Littlefield,  1967]. 
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SOLAR  ECLIPSE  ROCKETS  AKD  ?>AVLT«ADS 

In  order  to  study  electron  and  ion  densities,  ionizing  radiation 
fluxes,  and  the  resulting  reaction  rates  in  the  D-region  of  the  iono¬ 
sphere  during  the  total  solar  eclipse  of  12  Kovesdber  1966,  instruaents 
vere  carried  aloft  by  four  Nike-Eydac  rockets  launched  iron  Cassino, 
Brazil.  The  four  payloads  were  essentially  identical.  One,  a  payload 
certification  round,  was  fired  on  5  Xoveaber  1966,  and  the  three  re¬ 
saining  rounds  vere  fired  during  different  phases  of  the  eclipse  on 
12  Xoveaber  1966.  Table  2  lists  launch  dates,  Claes,  and  locations 
along  with  other  particulars  for  each  vehicle.  Coaplete  doconentation 
of  the  plan  of  attack,  instruaentation,  and  other  particulars  concern¬ 
ing  these  four  rockets  was  previously  reported  [Selfaas  and  3uri„  1967]. 


TABLE  2.  Launch  Tines  for  Eclipse  Pockets 


Rocket 

Designation 

Launch  Date 

Launch  TineA 
(Local  Tine) 

Tine  froa 
totality, 
ain  &  sec 

Approximate 
apogee,  kn 

Certification 

Round 

5  Xov  1966 

1155:21 

- 

95.7 

D-4 

12  Kov  1966 

1155:19 

-16:00 

115.0 

D-ll 

12  Xov  1966 

1298:37 

-01:23 

115.0 

D-13 

12  Xov  1966 

1222:30 

+12:3C 

115.0 

Local  Tine  =  Universal  Tine  -2  hours 
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0X2-3  SYNCHRONOUS  0?3ITDiG  SATELLITE 

The  072-3  satellite  resulted  fro*  the  developmental  program  for 
the  Titan  III  rocket  systeu.  The  satellite  was  designated  as  a 
secondary,  non- interfering  payload,  and  was  to  be  carried  into  orbit 
during  developmental  tests  of  tbe  Titan  vehicle. 

The  pr*aary  mission  objective  of  the  OV2-3  spacecraft  involved 
■alacine  tbe  spacecraft  vith  its  coepleaent  of  scientific  experiments 
into  a  near  synchronous  or  geo-stationary,  circular  orbit  (=33,000  km) 
and  accumulating  the  opt  inter  aaount  of  data  f row  the  onboard  space 
environment  sensors  for  the  period  of  one  year. 

SCIENTIFIC  PAYLOAD 

Subsystems  for  the  satellite  were  primarily  assembled  froa  the 
developed  experiments  that  had  been  flight  proven  on  previous  pro¬ 
grams.  A  standing  wave  impedance  probe  (S^-TP) ,  developed  by  Upper 
Air  Research  Laboratory,  University  of  Utah,  was  included  to  measure 
electron  censity  at  the  orbital  altitude  of  the  spacecraft.  The 
instrument  has  yielded  these  measurements  with  a  hi?n  degree  of  suc¬ 
cess  in  nuaerous  rocket  and  satellite  applications  [Eayeoak  et  al.3 
1964;  et  al. ,  1965;  Baker  et  al.3  1967]. 

The  SNTP  measures  electron  density  by  determining  the  impedance 
changes  of  an  antenna  immersed  in  an  ionized  medium.  The  impedance 
is  measured  by  applying  RF  signals  to  the  antenna  through  a  seg¬ 
mented,  lumped  constant,  tapped  delay  line  and  measuring  the  tap 
point  voltages.  The  information  thus  obtained,  vnen  telemetered  to 
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ground,  is  sufficient  to  reconstruct  the  antenna  standing  wave,  and 
hence  to  deteraine  the  antenna  iapedance,  which  is  directly  related 
to  electron  density  in  the  medium  local  to  the  antenna.  The  standing 
wave  iapedance  probe  techniques  and  systems  have  been  described  in 
detail  elsewhere  [Haycock  and  Bake r,  1961;  Ulxtick  et  al.3  1964] •  how¬ 
ever,  the  extreae  altitude  (=33,000  km)  of  the  planned  orbit  and  the 
extended  operating  life  requirement  of  the  spacecraft  dictated  special 
application  techniques  and  physical  configurations  to  be  used  for  this 
satellite  instrument. 

The  anticipated  range  of  plasma  frequencies  of  the  ionized  medium 
to  be  investigated  is  the  primary  consideration  when  selecting  RF  fre¬ 
quencies  to  the  greatest  advantage  on  the  SWIP  antenna.  The  plasma 
freauency  is  directly  related  to  the  number  of  electrons  per  unit  volume 
in  the  medium,  and  is  given  as 

f„  =  9  x  l(f  3  x  >^N 

where 

f^  (plasma  frequency)  is  in  Mhz 

3 

N  is  number  of  electrons  per  cm 

As  can  be  seen  from  the  graphic  portrayal  of  the  reactance  of  a  dipole 

antenna  immersed  in  a  plasma  in  Figure  1,  when  the  plasma  frequency 

equals  the  antenna  operating  frequency  fQ,  a  resonant  condition  is 

achieved  wherein  the  reactance  of  the  antenna  changes  from  highly  cap- 

* 

acitive  to  highly  inductive  value.  Values  of  f^  above  resonance  will 
* 

In  actuality,  the  resonant  frequency  is  shifted  slightly  due  to 
the  effect  of  the  earth’s  magnetic  field  (a  consideration  that  will  be 
discussed  shortly) . 


ANTENNA  REACTANCE 


■.  ! 


-INCREASING  N,f„- 


Fig.  1.  Graphic  portrayal  of  the  reactance  as  a  function  of  N  of 
a  dipole  antenna  immersed  in  a  plasma  and  excited  at  a  frequency  (fQ) 
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result  in  positive  antenna  reactance  whereas  lower  f^  will  give  cap¬ 
acitive  values  that  are  a  direct  function  of  f^;  and  hence,  measure¬ 
ments  utilizing  the  negative  reactance  portion  of  the  curve  are  most 
accurate  and  dictate  use  of  operating  frequencies  above  f^,  thereby 
reducing  the  physical  size  of  the  components.  To  achieve  accurate 
measurements,  it  is  necessary  to  reduce  the  magnitude  of  the  imped¬ 
ance  by  shifting  the  reactance  to  some  value  nearer  zero.  This  can 
be  accomplished  by  adding  an  inductance  in  series  with  the  antenna 
and  shifting  the  reactance  curve  to  those  values  indicated  by  the 
dotted  line  in  the  graph. 

The  useful  area  in  the  negative  reactance  region  of  the  curve  is 
also  limited,  however,  because  flattening  of  the  curve  as  N  decreases 
eventually  creates  a  condition  where  even  relatively  large  changes  of 
N  produce  negligible  changes  in  reactance.  As  N  increases  toward  the 
point  where  f^  =  fQ,  however,  larger  reactance  changes  result  with 
smaller  N  changes.  A  reactance  change  (AX)  of  5  ohms  is  adequate  for 
accurate  measurements  with  the  SWIP.  This  point,  illustrated  in 
Figure  1,  on  the  graph  indicates  the  smallest  quantity  of  electrons 
that  can  be  accurately  measured  in  this  application  for  a  given  fre¬ 
quency,  and  inversely,  the  highest  frequency  that  will  yield  useful 
measurements  for  a  fixed  N.  This,  of  course,  limits  the  values  of  N 
that  can  be  measured  effectively  by  any  particular  f  and,  indeed,  makes 
necessary  an  estimation  of  N  before  f  can  be  assigned.  The  lowest 
useable  frequency  is  dictated  by  f^  of  the  medium. 

A  rough  estimation  of  N  for  the  desired  orbit  was  obtained  from 
the  information  shown  in  Figure  2.  The  electron  densities  in  the  areas 
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Fig.  2.  Electron  densities  at  high  altitudes  as  derived  from 
nose-whistler  data. 

shown  have  been  determined  from  nose-whistler  data  [Smith,  1960] .  Exam¬ 
ination  of  the  data  for  approximately  5  earth  radii  shows  a  value  of 

3 

approximately  30  electrons  per  cm  .  Insertion  of  this  value  into  the 
formula  for  f^  yields  an  f^  at  5  earth  radii  of  approximately  0.05  Mhz. 
Although  data  for  the  altitude  with  which  the  satellite  is  concerned  is 
sparse,  theoretical  considerations  indicate  day-night  variations  on  the 
order  of  a  factor  of  10  and  also  seasonal  variations  of  similar  magni¬ 
tudes.  Variations  due  to  increased  or  decreased  solar  activity  have 
also  been  postulated.  The  mission  of  OV2-3  would  hopefully  add  to  the 
existing  data  and  provide  an  additional  source  of  information. 

An  additional  consideration  when  determining  the  f  of  the  probe 
must  take  into  account  the  gyro  frequency  f„  of  the  medium.  If  the 

n 

operating  frequency  is  not  large  compared  to  f^,  the  accuracy  may  be 
impaired  and  a  more  complicated  theory  must  be  used. 
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The  gyro  frequency  is  given  as 


f 


H 


e 

2;rca 


E 


where 

e  -  electron  charge 
a  =  electronic  mass 
B  =  earth  magnetic  field 


Since  B  decreases  approximately  as 


B 

o 


where  B  is  the  magnetic  field  measured  at  a  reference  distance  R  ,  it 
o  o 

is  noted  that  the  magnetic  field  at  5  earth  radii  is  greatly  reduced 
from  those  values  encountered  at  lower  altitudes  to  a  value  of  ap¬ 
proximately  5  khz.  This  value  is  sufficiently  below  the  fN  of  the  re¬ 
gion  so  that  it  can  be  ignored  in  choosing  the  operating  sequences. 

Based  upon  the  above  considerations  of  f.T  and  f„,  two  operating 
frequencies  were  assigned  to  the  standing  wave  impedance  probe;  0.3  Mhz 
and  0.6  Mhz  were  expected  to  provide  adequate  coverage  of  N  variations 
in  the  orbital  area. 

Aside  from  the  lower  RF  frequencies  utilized  on  the  probe,  one 
additional  deviation  from  usual  application  design  was  incorporated. 
This  consisted  of  decreasing  the  rate  of  sampling  the  tapped  line.  At 
lower  altitudes,  aboard  non-orbiting  rocket  payloads,  high  sampling 
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rates  are  necessary  because  of  rapid  fluctuations  of  electron  density. 

At  the  OV2-3  satellite  orbital  altitude,  however,  only  long  term  rates 
of  change  were  expected,  taking  place  over  periods  of  several  minutes 
or  longer.  For  this  reason,  much  lower  sampling  rates  were  considered 
adequate  to  detect  the  long  term  changes.  These  rates  were  set  to 
sample  the  standing  wave  created  by  each  frequency  one  time  per  minute 
during  satellite  operation  periods. 

Orientation  of  the  probe  electronics  with  respect  to  the  satel¬ 
lite  is  shown  in  the  drawing  of  Figure  3. 

ELECTRONIC  CIRCUITRY 

A  block  diagram  of  the  probe  circuitry  for  the  spacecraft  is  shown 
in  Figure  4.  The  signals  from  the  0.6  Mhz  and  the  0.3  Mhz  oscillators, 
shown  in  the  block  diagram,  are  alternately  applied  through  the  tapped, 
lumped  constant  delay  line  to  the  antenna  for  periods  of  30  seconds  each. 
Control  of  the  oscillator  switch,  which  alternately  selects  one  of  the 
two  oscillator  signals,  is  achieved  through  manipulation  of  the  sync 
input  pulse  from  the  spacecraft  commutator.  This  synchronizing  pulse 
consists  of  a  0  to  +10-volt  square  wave  of  one-second  duration  with  a 
repetition  rate  of  one  pulse  each  30  seconds.  Two  outputs  are  taken 
from  the  bistable  multivibrator  to  control  the  oscillator  switch.  The 
output  of  the  oscillator  switch  is  an  RF  signal  alternately  of  0.3  Mhz 
or  0.6  Mhz.  This  signal  is  fed  to  the  tapped  lumped  constant  delay 
line  and  then  to  the  antenna  through  the  matching  network  which  trans¬ 
forms  the  antenna  reactance  to  a  small  value  at  the  two  frequencies. 
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Fig.  3.  Orientation  of  the  standing  wave  impedance  probe  with 
respect  to  the  satellite  0V2— 3. 
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The  standing  wave  on  the  tapped  line  is  Eonitored  at  eight  points, 
diode  rectified,  amplified,  and  fed  out  of  the  probe  to  the  spacecraft 
commutator  and  telemetry  transmitter.  Figure  5  is  a  portrayal  of  pulse 
configuration  and  time  sequencing  for  the  probe,  and  Figures  6,  7,  and 
8  are  scheaatic  diagrams  of  the  probe. 

The  OV2-3  spacecraft  configuration  required  that  the  probe  an¬ 
tenna,  which  must  be  relatively  long  for  the  low  operating  frequen¬ 
cies,  be  an  extendable  type  which  could  remain  in  the  collapsed  or 
folded  configuration  until  the  orbit  of  the  spacecraft  could  be  es¬ 
tablished;  and  then  upon  coszaand,  the  antenna  was  to  be  extended  to 
its  full  length.  To  accomplish  this,  the  probe  utilized  the  30-foot 
De  Havilland  model  A-18  antenna  unit.  The  antenna  is  composed  of  an 
unfurling,  beryllium  copper  element  which  is  stored  on  a  drum  until 
extended.  Principles  of  operation  for  the  antenna  unit  are  shown  in 
Figure  9. 

Calibration  information  for  the  OV2-3  standing  wave  impedance  probe 
are  included  in  Appendix  A. 

LAUNCH  AND  FLIGHT  RESULTS 

On  21  December  1965,  the  Titan  vehicle  carrying  the  OV2-3  space¬ 
craft  was  launched  from  Cape  Kennedy,  Florida.  Proper  orbit  of  the 
satellite  was  not  established,  the  satellite  was  not  located;  and  it 
is  assumed  that  the  spacecraft  failed  to  orbit. 


standing  wave  impedance  probe. 


Fig.  8.  6-volt  regulated  supply  and  antenna  matching  network 
for  OV2-3  standing  wave  impedance  probe. 


Principles  of  operation  for  OV2-3  standing  wave  impedance 
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0V3-2  SATELLITE 

The  OV3-2  satellite  was  designed  to  be  carried  into  orbit  from 
Vandenberg  Air  Force  Base,  California,  by  a  Blue  Scout  rocket.  The 
satellite  incorporated  a  standing  wave  impedance  probe  developed  by 
Upper  Air  Research  Laboratory,  University  of  Utah.  The  purpose  of  the 
probe  was  to  provide  measurements  of  electron  density  local  to  the  or¬ 
biting  satellite  in  the  ionospheric  F-region.  The  planned  orbit  for 
the  satellite  was  nearly  polar  and  included  an  apogee  and  perigee  of 
approximately  1760  and  250  km,  respectively.  The  orbit  made  the  satel¬ 
lite  particularly  useful  for  studies  of  high  altitude  auroral  effects. 
The  probe  operating  frequencies  were  set  at  2.0  and  7.2  Mhz  to  encom¬ 
pass  the  expected  electron  density  variations. 

A  block  diagram  of  the  standing  wave  impedance  probe  used  on  this 
satellite  is  shown  in  Figure  10,  and  the  t  ming  sequence  is  included 
in  Figure  11.  The  probe  is  similar  in  many  respects  to  that  incor¬ 
porated  in  the  OV2-3  system,  but  there  are  some  significant  differen¬ 
ces  between  the  two  probes. 

In  contrast  to  the  0V2-3  probe,  which  was  concerned  primarily  with 
measuring  fine  scale,  long  term  deviations  in  electron  density  from  its 
geo-stationary  position,  the  OV3-2  probe  operated  at  much  lower  alti¬ 
tudes  and  was  primarily  concerned  with  detecting  faster  and  larger 
magnitude  ionospheric  cross-sectional  deviations  in  electron  density. 
Because  of  the  lower  orbit  and  differences  in  apogee  and  perigee,  ex¬ 
pected  electron  density  values  were  greater  and  hence  the  deviations 
were  far  greater.  These  conditions  combined  to  create  a  need  for  much 
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higher  operating  frequencies  in  order  to  maintain  operation  on  the 
desired  portion  of  the  reactance  curve  and  also  necessitated  the  use 
of  faster  sampling  rates  in  order  to  adequately  monitor  electron  den¬ 
sity. 

To  facilitate  the  need  for  faster  sampling  rates,  a  scheme  for 
monitoring  the  standing  wave  impedance  probe  was  devised  which  permit¬ 
ted  sampling  the  standing  wave  as  often  as  possible.  The  spacecraft 
commutator  to  which  the  probe  was  assigned  was  a  120  segment,  one  revo¬ 
lution  per  second  device.  The  switching  rate  for  the  probe  was  con¬ 
trolled  by  the  commutator,  i.e,,  2.0  Mhz  for  one  second,  7.2  Mhz  for 
one  second.  The  tapped  delay  line  for  the  probe  provided  six  monitor¬ 
ing  points  for  inclusion  on  the  commutator  in  the  normal  fashion;  how¬ 
ever,  this  allowed  only  one  sample  of  the  complete  standing  wave  each 
second.  To  provide  a  higher  measuring  rate,  seven  additional  monitor¬ 
ing  segments  were  provided  on  the  120-segment  commutator.  The  fifth 
tap  point  of  the  delay  line  was  tied  to  each  of  these  seven  segments. 
Therefore,  each  complete  commutator  revolution  provided  a  complete 
monitor  of  the  standing  wave  and  seven  additional  indications  of  the 
voltage  present  at  the  fifth  tap.  By  referencing  these  additional, 
fifth  tap  point  voltage  indications  to  the  complete  monitor  of  the 
standing  wave,  a  more  comprehensive  monitor  of  fine  scale  deviations 
in  electron  density  is  provided.  The  time  sequencing  of  the  commutator 
sampling  configuration  is  shown  as  a  portion  of  Figure  11. 

Another  contrast  with  the  0V2-3  probe  is  provided  by  the  fact  that 
the  OV3-2  instrument  utilized  a  balanced  dipole  antenna  rather  than  a 
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single  unbalanced  unit  as  on  0V2-3.  This  aspect  complicates  the  cir¬ 
cuitry  slightly  but  simplified  calculation  of  free  space  antenna  im¬ 
pedance.  In  the  balanced  dipole  application,  the  locus  of  all  the  zero 
potential  points  in  the  space  surrounding  the  payload  is  a  plane  per¬ 
pendicular  to  the  axis  of  the  antenna  through  the  axis  of  the  payload. 
This  situation  can  be  easily  recreated  for  measuring  antenna  impedance 
during  preflight  calibration  [Linford  and  Baker^  1966] . 

Finally,  the  0V3-2  satellite  utilized  a  tape  recorder  which,  upon 
command,  was  capable  of  recording  data  during  a  complete  orbit,  then 
replaying  and  transmitting  the  accumulated  data  upon  command  during  a 
pass  over  a  control  station.  Also,  the  satellite  incorporated  facili¬ 
ties  for  monitoring  and  transmitting  data  on  a  real  time  basis.  This 
real  time  function,  however,  must  be  accomplished  within  the  transmit¬ 
ting  and  receiving  range  of  a  command  station. 

The  overall  electronic  circuitry  for  the  OV3-2  standing  wave  im¬ 
pedance  probe  is  included  in  Figures  12  through  15.  The  two  matching 
networks,  one  at  each  antenna,  were  designed  to  accomodate  both  the 
2.0  and  7.2  Mhz  output  signals  and  are  shown  as  a  portion  of  Figure  15. 

Although  this  unit  utilized  two  antennas,  they  were  of  the  same 
type  utilized  on  OV2-3,  i.e.,  the  30-foot  De  Havilland  A-18  design, 
as  shewn  in  Figure  S, 

Complete  calibration  documentation  for  the  0V3-2  SWIP  is  contained 


in  Appendix  B. 


Fig.  13.  Fixod  delay  lino  for  OV3-2  Btanding  wave  impudanco  probe. 


Fig.  14.  Fixed  tapped  delay  line  and  associated  circuitry  for  0V3-2 
standing  wave  impedance  probe. 


Fig.  15.  6-volt  regulated  supply  and  antenna  matching  network,  for 
0V3-2  standing  wave  impedance  probe. 
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0V3-2  LAUNCH  AND  FLICHT  RESULTS 

The  Blue  Scout  rocket  employed  to  orbit  this  satellite  was  launched 
from  Vandenberg  Air  Force  Base  on  28  October  1966.  A  satisfactory  polar 
orbit  with  an  inclination  of  82°  and  apogee  and  perigee  of  1597  Ion  and 
320  km,  respectively,  was  established  for  the  spacecraft.  A  malfunc¬ 
tion  in  the  satellite  command  system  prevented  the  standing  wave  im¬ 
pedance  probe  from  operating  during  the  first  week  of  the  satellite's 
lifetime;  however,  a  way  of  circumventing  the  abnormal  logic  circuitry 
was  found  and  power  was  applied  to  the  impedance  probe.  Preliminary 
and  subsequent  reports  indicate  that  the  impedance  probe  is  function¬ 
ing  normally  and  useful  data  pertaining  to  electron  density  local  to 
the  spacecraft  are  being  accumulated.  At  the  time  of  this  writing, 
the  SWIP  is  still  providing  good  data  on  a  real  time  basis;  however, 
a  malfunction  in  the  tape  recorder  has  eliminated  the  stored  data  func¬ 
tion.  Real  time  data  depends  upon  the  presence  of  a  ground  control 
receiving  station,  and  this  aspect  of  the  real  time  function  limits 
the  areas  where  the  measuring  capabilities  of  the  instrumented  space¬ 
craft  may  be  applied. 
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JAVELIN  19.191 

This  rocket  payload  was  designed  to  measure  fine-scale  fluctuations 
of  electron  density  and  temperature  in  the  quiet  F-region  of  the  ionosphere. 
To  achieve  this  objective,  the  instrumentation  was  to  be  carried  into 
the  F-region  by  the  four-stage  Javelin  rocket  shown  in  Figures  16  and  17. 
Predicted  vehicle  trajectory  for  an  effective  launch  elevation  of  80° 
gave  an  apogee  of  62C  km.  After  leaving  the  dense  portion  of  the  atmo¬ 
sphere,  the  payload  heat;  shield  would  be  ejected,  antennas  deployed, 
and  the  operating  payload  would  then  independently  perform  measurements 
of  electron  density  and  temperature  local  to  the  rocket.  The  two  widely 
spaced  ground  stations,  one  located  at  the  Wallops  Island  launch  site 
and  the  second  down  range  at  Bermuda,  permitted  simultaneous,  cross-sec¬ 
tional  views  of  the  ionosphere. 

The  rocket  payload  was  comprised  of  three  experiments  developed 
by  the  University  of  Utah  to  achieve  the  desired  measurements: 

1.  Pulse-phase  delay  experiment  (prime  experiment) 

2.  Standing  wave  impedance  probe 

3.  Stepped  electron  temperature  probe 

Other  instrumentation  was  included  aboard  the  vehicle  for  measuring 
payload  aspect,  initiating  and  implementing  timing  sequences,  and  two 
telemetry  links.  Although  the  above  instruments  and  their  related 
antennas  were  designed  and  built  by  University  of  Utah  personnel,  inte¬ 
gration  of  the  vehicle  payload  was  under  the  direct  supervision  of  AFCRL 
engineers.  Instrument  locations  aboard  the  payload  and  the  nose  cone 
heat  shield  are  shown  in  Figures  18  and  19.  i&bJe  3  includes  time 
functions  and  related  parameters. 


Payload  Extension 


-X-248  Motor 


Nike  Motor 


Nike  Motor 


Honest  John  Motor 


Fig.  17.  Outline  of  Javelin  19.191 
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Fig.  18.  Javelin  19.191  instrument  locations 


Fig.  19.  Javelin  19.191  antenna  and  instrument  locations 
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TABLE  3.  Timed  Functions*  for  Javelin  19.191 


Event 

Time 

(sec) 

Altitude 

(km) 

Velocity 

(fps) 

First  stage  ignition 
(Honest  John) 

0 

0 

0 

First  stage  burnout 
(drag  separated  from  first) 

4.8 

1.2 

1647 

Second  stage  ignition 
(Nike) 

9.7 

3.4 

1310 

Unlatch  pin  fired 

11.7 

X 

X 

Second  stage  burnout 
(drag  separated  from  third) 

13.0 

5.4 

2630 

Third  stage  ignition 
(Nike) 

25.0 

13.0 

1808 

Third  stage  burnout 
(roll  rate  =  7  (rps) 

28.35 

16.1 

438A 

Fourth  stage  ignition  (X-248) 
(blow  out  diaphram  separate 
from  third) 

60.0 

49.5 

3156 

Fourth  stage  heat  shield 
release 

62.0 

X 

X 

Fourth  stage  burnout 

101.4 

120.1 

10,827 

Payload  heat  shield  eject. 

126.4 

191.5 

10,143 

Antenna  erection 

131.4 

X 

X 

Fourth  stage  apogee 

448.0 

622.3 

4736 

Fourth  stage  impact 

896 

0 

X 

Information  is  predicted  performance 


36 


EXPERIMENTS 
Pulse-Phase  Delay 

The  pulse-phase  experiment  was  employed  to  determine  integrated  electron 
density  between  the  rocket  and  the  ground  stations.  Electron  density  is 
related  to  the  group  delay  and  phase  velocity  of  RF  pulses  transmitted 
from  the  rocket  and  is  attained  by  measuring  these  parameters.  To  obtain 
the  measurements,  the  transit  time  and  phase  velocity  of  probing  signals 
near  the  critical  frequency  of  the  ionospheric  layer  under  investigation 
are  compared  with  those  of  a  much  higher  frequency  reference  signal  which 
suffer  negligible  effects  during  transit.  This  system,  including  the 
two  associated  ground  stations,  has  been  discussed  in  detail  in  a  previous 
report  [Baker  end  Allred,  1965]. 

The  major  portion  of  the  pulse-phase  experiment  remained  unchanged 
from  the  system  described  in  that  report,  but  design  changes  were  made  to 
the  92-Mhz  transmitter  after  the  report  publication  date.  As  previously 
designed,  the  92-Mhz  transmitter  proved  very  unstable  when  exposed  to 
changes  in  temperature.  This  condition  was  corrected  by  completely  re¬ 
designing  the  transistorized  portion  of  the  transmitter.  A  schematic 
diagram  of  the  newer  transmitter  design  is  shown  in  Figure  20. 

The  transistor  doublers  and  amplifier  were  changed  from  a  common 
base  configuration  to  a  common  emitter  design.  Both  parallel  and  series 
tuned  circuits  were  incorporated  to  isolate  the  desired  signal  from  the 
different  harmonics  in  the  doubler  and  quadruplet-.  The  tube  output 
stages  remained  unchanged  except  that  an  improved  physical  layout  was 
used  throughout. 

This  new  model  proved  superior  to  previous  designs  and  was  highly 
satisfactory  in  providing  a  stable  CW  output  of  18  watts. 
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Standing  Steve  ggpgdaage  Probe 

Ibe  standing  wave  iapedaooe  probe  iaclmdad  ia  else  javelin  payload 
co  provide  local  eleccroa  density  measereaeats  operated  at  frequencies 
of  3.0  and  7-2  Sfitz.  This  iascrcaeac  tes  essentially  identical  to  tk 
unit  included  in  the  payload  of  scientific  passenger  pod,  capsnle  1-33 
[Bcvcoek  si  cl.,  19651;  and  since  there  was  no  major  Modification  of 
this  iasenneat,  reference  is  made  to  tie  above  report  for  doconeatatioa. 
Complete  calibration  for  this  probe  is  given  in  iapeadiz  C. 

Seen  Sleccroa  Yaaaeracere  Probe 

iDe  step  electron  temperature  probe  was  identical  to  tbe  unit  con¬ 
tained  in  scientific  passenger  pod,  capsule  1-25  [ihgcock  si  dl.3  1965] 
with  tbe  exception  that  tbe  associated  plasaa  f reooescy  probe  electronics 
were  replaced  by  tbe  plasaa  sweep  oscillator  and  sa  eerenna  current  monitor. 
In  all  other  respects  tbe  probe  was  identical  to  that  of  capsule  S-25; 
and  for  documentation,  tbe  reader  is  referred  to  that  report.  Conplete 
calibration  data  for  the  instrument  is  included  in  Appendix  C. 

The  antenna  current  monitor  mentioned  in  the  preceding  paragraph 
consisted  of  a  current  transformer  at  the  antenna  of  tbe  step  electron 
temperature  probe,  and  an  saplifier  to  condition  tbe  signal  for  telemetry 
transaiesioa. 

Two  4-watt  YH/FH  telemetry  transmitters  were  included  in  tbe  vehicle. 
Channel  assignments  and  cosautator  assignments  for  the  two  transmitters 
are  given  in  Tables  4  through  6. 
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X43L£  4.  iSelflKtry  flnslgaraeacs  -  19.191 


List  1  -  240.2  ! fez 


100-khz  signal  pcl?e  aodokted  EC  100  k  with  S-Gdlliseooad  pulse 


Liak  2  -  231.4  2&z 

■3-f.  Cksael  Fraroeocy  Qdk)  Data  Itescriptloa 


18 

70.0 

leap,  probe  data 

17 

52.5 

3?  carieat 

26 

40.0 

10  x  30  ISIC 
fwpecance  probe 

15 

30-0 

Fine  frequency 

14 

22.0 

10  x  30  IHIC 
aooicor  comtatoc 

13 

14.5 

Heap,  probe  gala 
aooicor 

12 

10.5 

Housekeeping  cooaocator 

8 

3.0 

Long,  acoelero&erer 

7 

2.3 

Boll  race  gyro 

6 

1.7 

Lac.  accelezoaecer 

5 

1.3 

Magcecoeaerer 

to 


TA3LE  5.  Monitor  Canny  tator  data  Assignments  -  19*191 


10  x  30  ISIS 

•SIC  Channel  14  22  khz 

Ctecael  Baca 

1? 

40  voles  calibration 

2 

•fj  voles  calibracioo 

3 

42.5  voles  calibration 

4 

Tessperaccre  aaceaaa  voltage 

5 

leap,  aode  indicator  1 

6 

Plasaa  readout  1 

7 

Plasaa  readout  2 

8 

glasaa  readout  3 

9 

leap,  fine  frequency 

10 

S-  T.  1 

11 

S.  T.  2 

12 

Pulse-phase  TH  1 

13 

Plasaa  readout  3 

14 

Pulse-phase  Hi  2 

15 

Pulse-phase  TM  3 

16 

Teap.  antenna  voltage 

17 

leap,  aode  indicator  2 

18 

Plasaa  readout  3 

19 

Pulse-phase  TM  4  (92  Khz  af) 

20 

Antenna  1  position 

21 

Antenna  2  position 

22 

leap,  fine  frequency 

23 

Plasaa  readout  3 

24 

Ancenna  3  position 

25 

Antenna  4  position 

26 

S.  T.  1 

27 

S-  T.  2 

28 

Plasaa  readout  3 

29 

Fraae  readout  +5  v 

30 

Praas  readout  45  v 

TABLE  6.  Housekeeping  Coeautator  Data  Assignments  -  19.191 


2.5  x  30  IRIG 

IRIG  Channel  12  10.5  khz 

Channel 

Data 

1 

Radial  accelerometer 

2 

Aspect  eye  reap.  #3 

3 

Aspect  eye  teap.  #4 

4 

Aspect  eye  teap.  #5 

5 

Hr  monitor  for  radial  accei. 

6 

Radial  accelerometer 

7 

Aspect  eye  voltage  cal. 

8 

Mose  cone  aon.  pull  pins 

9 

Longitudinal  accelerometer 

10 

Teaperatura  ckt.  calibration 

11 

Radial  accelerometer 

12 

Temp.  #1  (battery  box) 

13 

Teap.  #2  (T/M  XMTR) 

14 

Teap.  #3  (payload  side) 

15 

Teap.  #4  (top  of  deck  #1) 

16 

Radial  accelerometer 

17 

Teap.  #5  (bottom  of  deck  #1) 

18 

5v  calibratir- 

19 

2.5v  calibration 

20 

Ov  calibration  (gnd.) 

21 

Radial  accelerometer 

22 

Hose  cone  aon.  #1,  0°,  90° 

23 

Rosa  cone  aon.  12,  +45°  -45° 

24 

Long,  acceleroaerer 

25 

B+  monitor  for  long,  accei. 

26 

Radial  acceleroaerer 

27 

28v  battery  monitor 

25 

12v  battery  aonitor 
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VEHICLE  CHSGCOUT 

Some  very  severe  Interference  problems  were  encountered  during  checkout 
of  the  Javelin  payload.  Because  of  the  severity  of  these  interferences, 
attend^  '  »  given  here  to  their  cause  and  effect.  The  complete  exp e risen t 
including  tefs^.iei-ty  antennas,  whip,  and  telescoping  antennas  were  covered 
by  the  payl^iK  heat  shield  (see  Figure  18)  because  of  the  exceptionally 
high  veloc't^  achieved  by  the  Javelin  rocket  during  ascent  and  because  of 
liaited  space.  After  the  vehicle  leaves  the  dense  portions  of  the  atmosphere, 
this  heat  shield  is  ejected  and  the  payload  telescoping  and  whip  antennas 
erect.  This  physically  requires  that  the  telemetry  antennas  be  mounted  on 
the  side  panels  of  the  instrument  rack  as  shown  in  Figure  18.  This  mounting 
configuration  appeared  to  yield  satisfactory  antenna  patterns,  but  the 
unshielded  wiring  configuration  and  some  experiment  configurations  created 
serious  telemetry  interference  problems.  The  numerous  joints  in  the  panels 
appear  to  have  caused  some  nonlinearity  and  there  was  considerable  mixing 
of  the  two  telemetry  frequencies.  The  difference  frequency  of  the  two 
transmitters  (8.8  Mnz)  was  within  the  sensitivity  range  of  several  of  the 
experiments.  Host  of  the  interference  problems  were  eliminated  through  the 
use  of  RF  filters,  but  the  resulting  difference  frequency  made  the  antenna 
current  monitor  for  the  electron  temperature  probe  completely  inoperative; 
hence,  this  part  of  the  experiment  was  not  included  within  the  payload. 

FLIGHT  RESULTS 

The  Javelin  rocket  (19.191)  was  launched  from  NASA/Wallops  Island 
Station,  Wallops  Island,  Virginia,  28  June  1966,  at  1623  Zulu  time  (1233 
local  time) . 

Two  ground  receiving  stations  were  used  in  connection  with  the  pulse- 
phase  experiment.  The  first,  a c  Wallops  Island,  was  located  approximately 
five  miles  from  the  launcher.  The  second  was  located  down  range  at  the 


43 


NASA  facility  at  Coopers  Island ^  Benauda.  Data  from  the  standing  wave 
iapedance  probe  and  electron  teaperature  probe  were  carried  by  standard 
FH/FM  teieaetry  and  were  recorded  at  both  sites. 

At  the  tiae  of  launch,  all  experiaents  operated  noraally  and  con¬ 
tinued  to  do  so  until  the  rocket  fourth  stage  ignition  at  T  +  63  sec.  At 
that  tiae,  the  11.5-Hhz  transaitter  failed  and  regained  inoperative  for 
the  remainder  of  the  flight.  All  other  equipaent  associated  with  the 
pulse-phase  experiaent  functioned  noraally  throughout  the  flight  and 
usable  signals  were  received  at  both  ground  stations.  Ho  useful  data  were 
collected  froa  the  pulse-phase  experiaent  because  of  the  failure  of  the 
11.5-Hhz  transaitter. 

Quick  look  consideration  of  teieaetry  records  of  the  standing 
wave  iapedance  probe  and  the  electron  teaperature  probe  indicated  that 
noraal  operation  occurred  throughout  the  flight  and  useful  data  resulted 
froa  those  experiaents.  Extensive  data  reduction  and  analysis  has  sot 
been  acconplished  to  date,  however,  since  it  is  of  low  priority  because 
of  failure  to  obtain  the  priae  objectives  of  the  experiaent. 
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4 

c 

J 

6 

7 

8 

9 

10 

11 

Value  +3 100 

+j.75 

+j50 

+j25 

-j25 

-J50 

-j  75 

-jlOO 

-3 150 

-j200 

|  -j300 

l 


<s?  ••• 


Mmw 


2.37  l  2.63  i  2.79  *  2. 


2.87  2.57  |  .66  j  .28 


j  1.90 

2.17 

2.37 

2.07 

1.56 

1.27  j 

1183 

.95 

II  II  IK  I 

1.49 

.74 

.37 

.75 

1.06 

1.50 

2.60 

2.65 

2.58 

3 

* 

C 

_/ 

6 

— 

7 

\mm 

1.66 

1.28 

1-95 

2.54 

2.77 

1  3-03 

2. 79 

2.35 

.61 

1.00 

1.33 

2.92  2.92  2.90  2. 


Reactance 


U 

O5  3 

a 

4J  O 

5 

to  p< 

6 


Record  Keacfc&nce  Values 
Reactance  1  2 


+jlOo!  +j75  i  +j50  |  +j25 


-jlOO!  -j  150  -j200  -i300 
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essio;;  Lii.s  7v  kt\’.suf>5-ie?>ts 


ASSIGNED  TO  PDD3S  SO.  TL--3-.6-AR-83 _  Date  July  20,  1965 

Line  No-  TL-  .5-114 _ Operator  Paul  A.  Shaffer 

Output  Voltage  from  Generator  1.5  G.  Reading _ 


i 

i 

! 


i 

i 


PIN  NO- 
(Numbered 
from  one 
end) 

FR22- 

KSQ.  .3  Khz 

■ 

I 

50  ft 

» 

i  Pin  No. 

50  ft  j 

1SWTP  8 

•61 

1*54  ..... 

i 

i  25  • 

2  5S 

1  .46 

2 

.331 

1.58  | 

!  20  . 

2  .40 

1  A5 

3 

•169 

wmmmm 

•  *  , 

2  .21 

1  .44 

k 

•  333 

28  . 

2.01 

-1 .44 

5  SVflP  7 

.62 

_ 1-65 _ I 

• 

29  SKIT  3 

1.81 

1.44 

1  c 

.90  1  1.69  I 

• 

30  . 

1.59 

1.45 

• 

1 

K 

1.18 

1.70  | 

• 

31  . 

1 .38 

warn 

!  5 

1.44 

1.71 

• 

32  . 

1.13 

1.48 

»  0  SHIP  6 

1.64 

1.72 

• 

33  SHIP  2 

.86 

1  .50 

i  io 

1-89 

1.72  ! 

• 

34  . 

.57 

1.50 

1  ii 

2-11 

1.72 

• 

35  . 

.271 

1.50 

I  12 

2.30 

1.72 

i 

• 

36  . 

.052 

1.52 

1  13 

2.49 

1.71 

• 

37  . 

.311 

1.55 

ll  SHIP  5 

2.63 

1.71 

38  SHI?  1 

.62 

1.59 

t 

i  IS 

2.77 

1.70 

• 

• 

lo 

2.88 

1.68 

' 

• 

• 

1  17 

2.93 

1,64 

• 

• 

•  _ 

CO 

* — t 

3.00 

1.61 

• 

• 

• 

• 

IQ 

KH 

1:59 

« 

• 

• 

• 

20 

3.00 

1.54 

• 

• 

• 

• 

21 

2.98 

1.50 

• 

• 

• 

# 

22 

2.90 

1.50 

1 

• 

• 

* 

23 

2  81 
• 

■ESI 

• 

# 

®  • 

• 

24  SHIP  i 

2.70 

|  1.-48 

•  » 

»  * 

• 

T 


*  Maximum  or  minimum  voltage  on  the  line 


109-4/65 


I 


i 


t 
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ASSIGKSD  TO  PBOBE  KO-  *L-.J 

Line  Ho. _ TL-. 5-114 _ 

Output  Voltage  froas  Generator 


TR'F.5  JT/SICK  I-TJfS  K?  KSASURSHafSS 

«  XL- . 3- . 6-AR-83 


PIK  M). 
(Jhiabei  "*.d 
from  osc 
end) 


2h  SHIP  4 


1  -82 


i;40 


.89 


50  Q 


PBBQv 


pate  July  20,  1965 
Operator  Paul  A.  ShaEf er 


Piu  do. 


25  . 


26  _ 


28  . 


29*"  SHIP  3 


33  SHIP  2 


34  , 


35  . 


36  . 


37  . 


38  SHIP  1 


*  Maximum  or  minimum  voltage  on  the  line 

109-4/65 


Jins’  | 


2  .22 


1  J82 


1.41 


£3 


.302 


2  .69  ' 


1 

.49 

1 

A  9 

1 

.43 

1 

.49 

1 

50 

1 

52 

1 

54 

Operator 


Divide  the  reactive  component  of  all  impedances  by/  the  calibration  check  freq.  in  hz< 


ADDENDA  i-EASUNEMENTS 


Date  Recorded  I  July.  1965 
By  Bulon  K,  Linford _ 

Vehicle:  Type  Sate  I  lite _ 

Humber  0V2-3 _ 

Diameter  21  x  2*  square _ 

Length  2* _ 

irregularities  See  John  Hyatt's  Notebook  of  Diagrams _ 


System: 

Balanced  1 — 1  Unbalanced 

Gd 

* 

Antenna : 

Type  DeHavilland  Tape 

Length  29*  6"  (from  fop  of  antenna  mount) 

Detailed  description  (Material,  vire 

Beryl  Hum  copper  tape 

diameter,  etc.): 

Mounting :  Type  DeHavilland  30*  tape _ ^ _ 

Standard  Q3  Not  Standard  Q 

Antenna  Cable  Length  _ 12"  _ ..  _ . _ 

Position:  Distance  from  Nose  to  Antenna  venter  - r— 

If  not  centered,  explain  Centered  between  two  edges  7"  from 

the  fop  to  the  antenna  center. _ . _ _ _ 

Other  necessary  dimensions  Metal  cover  placed  over  the 
antenna  mount.  See  Drawing  No.  BM£  52-5,05  _ 


Experiment:  SWIP _ 

Frequencies  of  .operation :  500  600  fa 


112-8/65 


L 


Approved  by 


*  Measurements  ore  for  if  2  dipole  element 


(Supercedes  Form  So.  100) 


i: 


1C 

-1200  I  -i300 


Upper  Air  Research 
Form  Ho-  100.* 


Date  Dec.  11.  1965 

VI  TAPPED  LINE  CALIBRATION 


Frequency 


Reactance  1  2  3  ^  5  §  X _ 5 _ ? _ . — 

11 

lA 

3.42 

3,23 

2.92 

2.25 

1.66 

1.15 

2.46 

3.64 

4.27 

4.32 

4.26 

X£  W 
■  ® 

tr  2 

1.53 

1.74 

!  2.00 

2.43 

2-iSi 

3.10 

2.95 

2.40 

1.49 

1.25 

KB8H 

2.58 

2.45 

2.11 

1.55 

1.30 

1.85 

3.35 

4.24 

4.32 

4.17 

3.99 

«  3 

O  -P  , 

*  c  H  k 

3.39 

3.45 

3.40 

3.22 

2.97 

2.36 

1.23 

|  1.61 

2.47 

2.77 

gj  .rt 
•P  O 

If)  Oj  C 

|  .82 

1.02 

1.20 

1.76 

2.29 

2.95 

!  3.44 

3.21 

1  2.31 

!  1.88 

II 

-rt  ■* 

W  P.  - 
-  «  «3  6 

3.48 

3.33 

3.14 

2.62 

2.03 

.98 

1.32 

2:63 

3.58 

1  3.77 

3.82 

K  &  v 

Reactance 

n 

X 

2 

3 

6 

5 

6 

7 

8 

9 

10 

11 

01  1 

3.34 

3.16 

2.87 

2.25 

1.65 

1.25 

2.39 

3.54 

-4.19  . 

I 

1  4.27_, 

11111 

O  x 

O  «a 
rrt  "  2 

1.53 

1.73 

1.99 

2.50 

2.74 

3.01 

2.82 

2.32 

-1..52- 

1  .70 

4J 

r-i 

5  3 

2.52 

2.39 

2.06 

1.47 

1.30 

1.90 

3.25 

4.05 

!  4.71 

-4. 08- 

II 

« 

y  -p  i, 

e«  *r 

3.35 

3.39 

3.31 

3.26 

2.85 

2.29 

1.30 

1.64 

LA*_ 

— 2*2Z_ 

1-*  ^ 
Cj  -rt 

C  «; 

.69 

.95 

1.19 

1.78 

2.22 

2.86 

3.26 

3.05 

■  Z--25J 

_ UiZ- 

S^SI 

•op*-' 

-rt 

w  P.  f. 

O  «J  o 

3.44 

3.30 

3.07 

2.66 

1.95 

1.03 

1.36 

.  2.5jL_ 

-UJ_ 

« e-t  . 

Reactance 

(0 

tu  1 

to  “  A  1 

~  43  2 

rrt  C 

O 

>  ■} 

©  -J 

o  +> 

C  C  k 
oJ  -rt  f 
-P  o 

-  W  p4  C 

•rt  j 

W  P< 

Record  Re. 

Reactance 

Value 

1 

?  i 

3  1 

* 

5  1 

6  I 

7  1 

3 

9 

10 

11 

3.29 

3.  IS 

3.89 

! 

2.38  ! 

2.00 

1.76. 

_2..43_ 

3.9A 

3  07 

—4—15— 

1.54 

1.79 

1.99 

2.29 

2.48 

2.64 

2.4? 

.  2.JL1— 

1  S3 

1 

-3L32— 

m 

2.50 

2.39 

2.10 

1.73 

1.67 

1.96 

2.81  . 

.3.58- 

.JLfiS- 

-3-98— 

3.30 

3.39 

3.27 

3.06 

2.80 

2.34 

_L3&_ 

_ 1...92— 

_2— 41_ 

-2-80- 

WkMfJvmffK 

!  .86 

1.04 

1.22 

1.65 

2.00 

2.37 

2.61 

7.63 

..  2.-12— 

—1—83 — 

ii 

|  3.36 

3.23 

2.97 

2.42 

1.96 

1.36 

1.57 ... 

2.30- 

3  7R 

—3-53 — 

HMi 

1 - - - 1 

acfc&nce 

i 

Values 

2 

3  4 

5  6  7  8  9  10 

11 

L  5 

Z  4 

cum 

Z.1  i  0 

.  C3 _ 

1.—C2 _ 

1  P3 

.  C4 _ 

C5 

C5 
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ANTENNA  MEASUREMENTS 


Vehicle: 


Tjrpe_ 


Blue  Scout  Satellite 


Number  0?3-2 


Dianeter_ 
length _ 


28 


28  1/4" 


Date  Recorded  J_aa*  15 >  1966 

By_ 


Sulon  K.  Linford 


Irregularities  Tvo  nairs  of  coctpc  i n  the  «;as»e  horizontal  nlano 
and  at  45°  angles  froa  SWI?  antennas. 


System: 


Antenna: 


Balanced  eu 
fy3e  Be  Baviliand 

Length  30  ft _ 


Unbalanced 


Detailed  Description  (Material,  wire  diaaeter,  etc.): 
Standard  berylliua-copper  strip _ _ _ _ 


Mounting: 


Tyo e  Pc  Uavilland  antenna 


Standard  }  X I  Xot  Standard  }  { 

J 

Position:  Distance  froa  Nose  to  Antenna  Center  *4  1/8” 
If  not  centered,  explain _ . _ 


Antenna  Cable  Length _ ___ 

Other  necessary  dimensions _ 

Experiment:  _ SKIP _ 

Frequencies  of  Operation:  _ 2  Mb z  end  7.2  ?hz 


Approved  iiy_ 


112-7/66 


X'-AiiCi  ti  tj<-  -!.C  if  UfLk  JT?  HZaSOKBGa 


ASSJGHBD  SO  JPHJBS  go.  TL-2-7.2-^-% 

Lise  go.  _  -  T^r-3— 1X9 _ 

Output  Voltage  froo  Generator  3 


Date  Sept  10,  1965 
Operator  Paul  A.  Shaffer 


1S»IP  6 


O 


50 


•4j„  . 

1.  1*52 

.89  i 

*  1.46 

XO  SHIP  4 


13 


15  SKIP  3} 


2.7 

f9  'j 

2.? 

52 

*  . 

2.S4 

2. 82* 

2.7 

?9 

2.< 

>9 _ 

8 


!  19 


20  SWIP  2j 

i 

21  _ I. 

?2  ) 


23 

!  .64 

SWIP  1 

.331 

1*.  44  I 


_ 1.  44 

1, 44 _ | 

1  43  I 

«  i 


1-42 


.269 


1.12 


1.99 


2,51 


2.51 


1,91 


1.06 


.149 


,96 


1,73 


2,30 

2,49 

2,22 


1,60 


9 


1.44 


1.44 


1. 


1  44 


1.44 


1.46 


1.47 


1.50 


1,50 


<1.47 


1.42 


1.36 


1.30 


1.29 


1.29 

1.30 
1.32 


1  32 
* 


1.33 


5 


*•  i'axiiau*  or  minimum  voltage  on  the  line 

10  9-4/65 


70 


Divide  the  reactive  component  of  all  impedances  by  the  calibration  check  freq.  in  ba. 


Air  Research 


/TJ- V 


i‘or;s  Ko  •  1CQA 
Date  Nov.  27,  1965 


ADPSiPTX  0 


IMPEDANCE  PROBE  EXPERIMENT  INFORMATICS 
AND  CALIBRATION  DATA 


CL-3. 0-7. 

2-JA-75  - 

Balanced 

3.0  Mhz 

1  7.2  Mhz 

0.55  V 

3.5  V 

__ 

-- 

r - - - 

GENERAL  INFORMATION 

Vehicle  Code  No-  Javelin  19,191 _ 

-  Electronics  Box  Code  No*  CL-3 . 0 -7 . 2- JA--75 

Experiment  Type  Balanced _ 

Experiment  Frequencies  3.0  Hhz  /.2nhz 

Corresponding  Mode  Voltages  _ _ 

Line  ZQ  *  *  *  _ i - - - 

Tuned  Antenna  Jtrpedsnce  *  _ _• _ _ 

Antenna  Shunt  Capacitance  *  _ _ _ _ 

Antenna  Impedance  Table  No*  *  _ __ 

R.F.  Cable  Information  _ I - - - - - - 

A.  Type  .  P.G-1S3 - 

B.  Lengths  Internal  to  Experiment  Box  5  1/2" _ 

C*  Lengths  External  to  Experiment  Box  43" _ 

D.  Total  Lengths  48  J./2" — 

CALIBRATION  INFORMATION 

A*  Label  atory  Checkout 

1.  persons  Responsible  Del  Green _ _ _ 

2*  Date  11-27-63 _ 

3*  Form  of  calibration  Data  Visicorder _ . 

4.  Present  Daxa  Location _ UARL _ _  ^ _ 

5.  Electronics  Box  Weip.ht  3  lb.  13  oz. _ 

6.  Current  Drain _ 260  ma  Voltage  28  V _ . 

S.  Flelu  Checkout  -  Location  _ 

1.  Persons  Responsible  _ _ _ _ _ 

2.  Dare  _ _ _ _ 

3.  Form  of  Calibration  Data _ , _ 

4.  Present  Data  Location _ _ _ _ 


*  Measurements  are  for  l/2  dipole  element 


(Supercedes  Form  No.  100) 


Fixed  line 


C'-orr?', .  line 


driver 


Os 


Osc. 

Sw. 

Ose. 

7.2  Khz 

IJpoea  Air  Research 

- 

SbaaBo.  IGOfc. 

y.  VXSIOCK^?.  HSOQBD,  GQM7SC 53  £33S 

Attadb  BP  GWULh  for  Mlouisg  Test: 

B&tfe  11-27-65 

Cali  Box  £l 

- — -■  ’'-"-a . . .  "  "  4  — ■  - 1 - 

Cal.  Box  §2 

JKPSWeCS  1 3Jfhx 


oter 


39  +  3200  i 


-r  J150  ( 


+  J100  ) 


+  J25 


-  J2S 


-  JSO 


200  * 


300  j 


500  , 


50 


-  31 


>50  +  J200 


+  J100 


+  J75  j 


-5-  J50 


-  -T25 


-  JSO 


Cosnc-n 


El-  3  Mbs 


-J75 


-J100 


-J150 


-J200 


{75  4J200 


+J150  | 


!  -rJlOO 


-5-J50 


-KJ25 


25 


j  -J50 


FRS1.  7.2  Kta  IK?3D£3C’fi  \T?ZIJ.2  Khz 


100  4-  O 


-H2. 


~  U 


-J750  ! 

1  +a  1 

-J10C0  1 

|  *  C2  j 

+  CA 


+  C5 


100  +  L5 


+  L4 


| 

1  *  C5  | 

1  5G  -r.L5  ! 

UXS  K?  Mi?^SUi®C8inS 


ASSIGNED  30  PIDBE  BO-  CL-3-7.2-JA-75 _  Date  Ka?  14  >  1965 

Line  |fo*  CL— 5— 102  ODcretor  ^au^-  A.  Schaffer 

Output  Voltage  ixou  Guaesiwr _ _ . 


1 


24 


or  clnirr.i’a  voltege  on  the  line 


1^ 


4-10-65 


79 


Vehicle: 


System: 

Antenna: 


Mounting: 


Experiment: 

Frequencies 


AWTENNA  HFASORFMSHTS^ 

Date  Recorded  23  ffeveaber  1963 
Uj  Rulon  E,  Linford 

TVPt _ level in _ _ _ 

Humber  AC  19.191 _ „ _ 

D  iaae  t  e  r___JJ_U2.  J.QClieS__ _ 

Length  101  in- _ 

IrregularitiesNose  skin  ejected  exposing  rack.. 


Balanced  m  Unbalanced  □ 

Type  Ralph  telescoping _  - 

Length  10  ft-  1  3/4  in. _ 

Detailed  Description  (Material,  wire  diameter,  ei.e.'); 
_ Srandard _ £ _ 


Type _ Ralnh  telescoping  (no  gas  cartridge) 

Standard  f  X I  Mot  Standard  }  | 

Posit j.,n:  Distance  from  Nose  to  Antenna  Center  second  deck  from 
I# AA/V top.  Mounted  on  deck  of  rack  rather  than 
the  nkin.  Base  also  mounted  on  about  a  10°  wedge.  See  Javelin 

diagram. _ _ 

Antenna  Cable  Length  5  1/2  inches _ 

Other  necessary  dimensions _ _ 


SHIP  _ 

of  Operation:  3.0  Mhz  and  7.2  Mhz 


Approved  By 


112-7/66 


•  .*  i 

t 


'  •- 

1 

’ j 


Zapccancc  IV, t  a 

Oridinal  data  recorded  -r  ;~tv-W  234  Union  K.  Linford 
22  .  20  November  1565 


Frequency  in  ,.nz 


-crrtiLC'j  i-'iicr 

l  . .  , .  i.r*t  c rerj  z  .  •  :■ 


_ ’  10  -j  2470 

_ i  3.9  -i  1240 

_ I  3.3  -1  g-25 

_ j  2.5  -1  5<3 

_ i  2.5  -i  455 

_ j  2.3  -j  355 

_ I  2.3  -i  334 

t 

_ j  2.2  -j  2S3 

_ i  2.3  -?  243 

1  3.4  -j  215 

_ 1  3.7  -1  187 

_ _ I  4.5  -*  365 

_ 4.5  -j  165 

_ —  -j  122 

_ j  5.0  -1  113 

2.3  -j  323 


- 1 


Shunt  Capacitance: 


Matching  Network:  Circuit  and  Value; 

f 

To  SWIPO - ; - 


To  Antenna 


Final  Tuned  Impedance: 


68  pf 

_ M _ 

- n 


Combion  Coiis 


Frequency 

Impedance 

Network  #1 

3 

22  +i  50 

7.2 

30.5  +  i  50 

Impedance 

Network  No.  2 
21.5  +j  50 
29  +j  50 

312a-7/66 


JAVELIN 


Step  Electron  Temperature  Probe 
Voltage  Calibration  -  Unit  No.  100 


£LeJi 


Voltage  Out 
+2.58  v 


+2.10  v 


+1.55  v 


+1.05  v 


+  .53  v 


+  .04  v 


-  .49  v 


-  .97  v 


18  April  1966 


ITNO  f~0  ON  O  iH  CO  ^I'jt  iTvO  P-00  G>  O  <-*  OJ  fO-ar  u-so  MC  oo  rl  W  ■■'  ~  Z>  i'-CC  O  O  rl  " 


i8  April  1966 


82 


Kj-fiju*  »i-y  CnlilrOioi.  -  .lAVflM H 


Frequency 


-1  MHz 


4  •  -5 

4. it 

Ik  5 

4.6 

4.7 
4.6 
4.9 
5-0 
5.1 


KP  Input  _,v  l'c:ik  to  IVak 


Ouk pul  Volt:: 

(dc) 

Frequency 

Output  Volt£ 

.070 

5-2  MHz 

.065 

.224 

1  • 

</•  J 

.179 

.420 

5-4 

•  30  3 

.554 

5-5 

.412 

.568 

peak 

5.6 

-459 

.406 

5-7 

.431 

•  300 

0  8*8 

.329 

.130 

5.9 

.216 

.010 

vnll  ey 

6.0 

•097 

.021 

6.1 

.019 

-133 

6.2 

.072 

.204 

6-3 

.187 

.447 

6.4 

•  307 

.53.8 

peak , 

6.5 

.4o8 

.527 

1.44MHz 

6.6 

.450 

.425 

.  544v 

6.7 

.432 

.276 

6.8 

•  356 

.115 

6.9 

.247 

.012 

valley. 

7.0 

•  134 

.051 

1.93MHz 

7-1 

.032 

.135 

.007v 

7.2 

.019 

•  302 

7-3 

.067 

•  473 

7-4 

.152 

.510 

7-5 

.245 

.496 

7.6 

.328 

•399 

7.7 

.423 

.254 

7.8 

.267 

.106 

7-9 

.191 

.020 

valley, 

8.0 

.108 

•  037 

2.9‘tMHz 

6.1 

.038 

•  147 

.013v 

8.2 

.020 

*  J*~r 
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